The hand-arm vibration syndrome, widely known as vibration white finger, is a disorder of nerves and blood vessels that occurs in workers exposed to segmental vibration. A cross sectional symptom survey was performed on a sample of workers employed by a large shipyard in the north eastern United States. Random samples were drawn from departments composed of full time dedicated pneumatic grinders, workers with part time exposure to vibration, and other workers not exposed to vibratory tools. Of the 375 workers sampled, 79% responded. The prevalence of white finger symptoms was 71%, 33%, and 6% among the three exposure groups respectively.
Similarly, the prevalence of numbness and tingling in the hands and fingers in the three exposure groups was 84%, 50%, and 17%. Workers were classified according to the Stockholm Workshop staging systems for vascular and sensorineural symptom severity. Exposure-response analyses of both vascular and sensorineural stage showed monotonically increasing prevalence of higher disease stages with increasing duration of exposure. Logistic regression analysis, performed to control for potential confounding factors including age and current smoking state, produced highly significant (p < 0-001) associations between cumulative duration of exposure and prevalence of symptoms. In these analyses smoking state was significantly related to vascular and sensorineural symptoms and age was not. Average latency to onset of symptoms was less than five years of full time equivalent work with vibratory tools. Logistic regression analyses were performed to assess the effect of use of particular work practices on reported symptoms. Further study of this workforce with objective, quantitative measures of peripheral neurological and vascular function is required to characterise the clinical and subclinical effects of vibration exposure.
The hand-arm vibration syndrome (HAVS) is characterised by both vascular and neurological abnormalities.' 2 The most clinically apparent pathology is cold induced vasospasm resulting in whitening or loss of colour in the fingers and hands. This vascular abnormality is a form of secondary Raynaud's phenomenon, commonly referred to as "vibration white finger." The neurological component manifests as pain and paraesthesias suggestive of peripheral neuropathy or focal compression, a quantifiable deficit ofcutaneous sensory performance, and a complex pattern of loss of forearm and hand strength with early fatigue. ' The clinical sequelae of vibration exposure were observed more than 70 years ago in the United States and Italy. 34 During the past 20 years more than 50 cross sectional studies of vibration exposed workers have been published. A high prevalence of symptoms associated with exposure to vibration has been seen in workers using gasoline powered chain saws, rock drills, grinders, riveters, and jackhammers. 5 Four longitudinal studies, all of chainsaw operators, have been conducted in the United Kingdom,6 Finland,7 Japan,8 and Canada. 9 Nevertheless, much remains unknown about the pathophysiology, characteristics of the critical exposure, and quantitative assessment of a disease with one of the highest attack rates in the contemporary occupational setting. Accordingly, particular reliance has been placed on symptom reporting as the basis for staging of disease and on epidemiological associations with occupation to identify workers at high risk. Many of the recent published reports have referred to the TaylorPelmear classification system, a semiquantitative assessment of functional interference with work and social activities caused by progressive vibration related symptoms."' Clinical stages are heavily weighted towards visualised vascular changes, and do not provide an independent classification of the sensorineural components of HAVS. Workshop scale provided the basis for disease classification used in exposure-response analyses of a large sample of workers exposed to vibratory tools.
The initial impetus for performing the present study came from clinical evaluation of patients with upper extremity complaints at a university sponsored occupational medicine clinic. These patients were employed at a nearby shipyard, most of them as dedicated chippers and grinders using pneumatic tools for more than four hours a day. About 18 000 workers are engaged in the construction of nuclear powered ships at the yard. In the first step of a comprehensive evaluation ofpotential disease related to vibration exposure among these workers, 48 patients who sought treatment at the occupational medicine clinic and had exposure to pneumatic tools at the shipyard were evaluated clinically according to protocol. '5 This clinical series showed a high prevalence of symptoms and abnormal test results. Specifically, nearly all cases (98%) reported numbness and tingling and vasospasm (white finger) was described by 88%. Vibrotactile thresholds and hand strength dynamometry were the best of a number of clinical, functional, and electrophysiological tests at discriminating the most symptomatic and least symptomatic of these patients. This case series was not suitable for providing information on the prevalence of the problem in the shipyard population. The current investigation was undertaken to provide such information and to relate the severity of symptoms to various exposure indices.
Unique to this shipyard is the organisation of labour around dedicated craft duties, which results in uniformity of work performed within a given department. This situation is ideal for the study of work related diseases, as all members of a given department tend to have similar exposures. Also, three independent studies of pneumatic tools used at this shipyard have been conducted, although only one is available as an open publication.'6 Therefore, a cross sectional survey was conducted on a sample of the active work force at the shipyard to estimate the overall prevalence of symptoms and any relation of symptoms with job title, work tenure, cumulative vibratory tool use, and use of specific types of vibratory tools. In 1987 and 1988, three independent studies of pneumatic tools at the shipyard were conducted. Two ofthe studies were privately funded proprietary investigations"8 9 and the third study was undertaken by NIOSH. '6 Measurements were made in a similar manner and on comparable equipment in the three studies, as specified by the American National Standard Institute (ANSI) guide for the measurement and evaluation ofhuman exposure to vibration.2' The vibration spectrum was analysed in one third octave bands in three orthogonal directions-x, y, and zand expressed as m/sec2. Despite these similarities in methods, there were also some important differences. The accelerometers were attached directly to the tools in the Whitaker"9 and NIOSH'6 studies, whereas they were attached to the glove of the hand holding the tool in the Ungar study.'8 The NIOSH study took place at the actual work site, assessing routine operations. The two proprietary studies were done in controlled or simulated settings where sur- response rate was similar between the three a priori exposure groups, with a slightly lower response rate from the chipper/grinder department (72%). Of the 297 questionnaires returned, data from 26 subjects (8-8%) were not included in the statistical analyses due to their meeting a priori exclusion criteria. The largest number of excluded questionnaires (14) resulted from their not meeting a minimal criterion for completeness. Table 3 presents the numbers of subjects excluded for this and other reasons separately for each of the three exposure groups. The full time pneumatic tool users reported previous diagnosis of rheumatoid arthritis more frequently than the other two exposure groups. Of the 271 included in the data analyses, 53 were workers not exposed to vibratory tools (group 1), 115 were exposed to vibration part time (group 2), and 103 were full time dedicated pneumatic tool users (group 3). Table 4 delineates demographic and exposure variables by exposure group. No age differences were found between groups. The sample was 86% white, 11% black, and 3% of other races. Black workers showed a trend toward greater representation, with greater vibratory tool use. Among exposed groups, smoking prevalence was highest among the most exposed workers, but the highest prevalence of smoking was seen in non-exposed workers. Daily tobacco consumption among those who smoked was comparable across exposure groups. A smaller percentage of the non-exposed subjects worked on the second shift than did exposed workers. One offive full time grinders reported using special anti-vibration gloves, whereas only two percent of part time exposed and none of the non-exposed workers used them. Half of the part time exposed and almost 90% of full time exposed workers worked more than five hours per week with their hands over their heads.
Methods
The reported number of hours per week of vibratory tool use confirmed the large difference in current exposure among the three groups of departments. In this stable work force, age and duration of exposure were closely correlated (r = 0-58 among exposed groups). Current vibratory tool use (mean hours a week (SD)) 0-0 (0-0) 14-5 (11 -9) 34-2 (9-2) Duration of exposure to vibratory tools (mean years (SD)) 0-0 (0-0) 9-1 (7-3) 11-3 (7-7) Cumulative exposure to vibratory tools (mean hours x 1000 (SD)) 0-0 (0 0) 6-4 (7-1)
Although many subjects (55%) reported injuring their fingers, hands, arms or shoulders severely enough to require a doctor's care, the proportion of subjects reporting such injuries was not different among the three exposure groups. The full time pneumatic tool users reported previous diagnosis of Raynaud's phenomenon, carpal tunnel syndrome, and Dupuytren's contracture more frequently than the other two exposure groups. Table 5 presents the proportion of workers in each exposure category reporting selected symptoms. Overall, a high rate ofreporting ofpositive symptoms was seen among vibration exposed workers. Vascular symptoms were reported by 6% of the non-exposed, 33% ofpart time tool users, and 71% ofgrinders, and neurological symptoms were reported by 17% of non-exposed, 50% of part-time tool users, and 84% of grinders. These prevalences represent crude odds More workers were classified in the higher disease stages in the vibration exposed groups than in the non-exposed group, and more grinders were classified in the higher stages than part time exposed workers. The concordance between vascular and sensorineural stages in these workers was also investigated. Table 6 Concordance between vascular and sensorineural staging exposure being to large grinders, burring tools, and offset wheels. Part time exposed workers also used those three tool types for a substantial portion oftheir exposure time, and they used drills and sanders more than the chippers/grinders. Considerable variability occurred in cumulative vibratory tool use within groups.
For descriptive purposes, respondents were grouped into exposure categories on the basis of their reported cumulative number of hours of exposure to vibratory tools. Cut off points were selected to divide 100 -None participants into rough quintiles, as groups of the same size were desired and 20% had no exposure. The cut off points selected were 1, 3000, 10 000, and 17 000 hours, which corresponded to none, 1-5, 5, and 8-5 full time equivalent (FTE) years of vibratory tool use. Figure 2 presents the proportion of participants in each of the five cumulative vibration exposure groups classified into each sensorineural stage. Figure 3 presents the results of corresponding vascular classifications. The effect of cumulative exposure to vibratory tools is striking. For example, the proportion of workers classified as asymptomatic (SN-0) dropped monotonically from 82% in those not exposed to vibration to 19% in those with more than 17 000 hours of cumulative exposure. The proportion of workers classified as stage 2 or 3 increased with increasing cumulative exposure for both sensorineural and vascular symptoms, with the one exception that the proportion of workers with more than 17 000 hours of exposure classified as SN-3 was somewhat lower than the next most exposed group. Interestingly, the effect of exposure was apparent even in those workers with less than 3000 hours of exposure. Specifically, when workers with up to 3000 hours of exposure were compared with non-exposed workers, relatively fewer were classified as SN-0 (54% v 82%), and relatively more were classified in each of the higher stages. The median latency for appearance of symptoms of white finger was about 8400 hours of vibratory tool use and 8200 hours for numbness, slightly more than four years of full time use.
In the current sample age and duration of exposure were correlated (r = 0-56 for workers in the two exposed groups), and age is a potential covariate of many of the symptoms analysed. Although smoking was not strongly related to duration of exposure in our sample, it is also a potential covariate ofoutcome, particularly for vascular symptoms. Also, a trend was found towards over-representation of black workers in the most exposed group. Therefore, polychotomous logistic regression was employed to investigate the relation between exposure Exploratory analyses were also performed in an attempt to identify specific work practices that were correlated with vascular or sensorineural stage. Only the 218 workers exposed to vibratory tools were included in these analyses. Variables in the polychotomous logistic regression models were age, current smoking state, race, log total hours of vibratory tool exposure, use of anti-vibration gloves, and an indicator variable for working more than five hours per week with hands above head height. Analyses employing variables for the cumulative number of hours of use of each of the 13 tool types were considered for inclusion, but the sampling strategy employed in the present study (that is, oversampling of grinders, who use vibratory tools for much of their work time and use only some types of tools) did not allow appropriate estimation of the associations between symptom categories and use of various tool types. Neither age nor race were significantly related to either sensorineural or vascular stage. Estimated effects for log total hours ofvibratory tool exposure and current smoking state were essentially the same as those mentioned earlier for the analyses of the full study group. The variable for working with tools held above head height more than five hours per week was significantly related to symptom stage classifications, with estimated ORs of (95% CI 1-86-0) for sensorineural stage and 2-2 (95% CI 1 1-42) for classification of vascular stage. The proportion of those reporting that they worked more than five hours per week with hands above head height ranged from 50% of those classified as SN-0 up to 90% of those classified as SN-3. A trend was found for an association between the use of antivibration gloves and sensorineural stage, with an estimated OR of 2-1 (95% CI 0 98-47), but not vascular stage. Use of anti-vibration gloves was associated, however, with increased risk of having symptoms, which may have resulted from those experiencing symptoms having changed from regular work gloves to anti-vibration gloves.
Discussion
The major finding of this study was that a high proportion of shipyard workers with occupational exposure to upper extremity vibration reported experiencing vasospastic and sensorinueural symptoms. More than occasional numbness and tingling in the hands was reported with greater frequency than episodes of white finger. Reporting of symptoms was not significantly related to age but was highly related to several indices of duration of vibratory tool use. A substantial increase in prevalence of symptoms was seen in subjects with 3000 hours of exposure compared with those without exposure. Further increases in symptom prevalence were observed in groups with 3000-10 000 and with 10 000-17 000 hours of exposure; however, no further increases were seen in workers with more than 17 000 hours of exposure.
The prevalence of vascular and sensorineural symptoms found in this population is among the highest reported in recent publications on vibration exposed workers. A high prevalence of HAVS has been seen in cross sectional studies of forestry workers23 and rock drillers.24 The reported prevalence of HAVS among vibration exposed shipyard workers has varied greatly. Bovenzi et al2 reported a 79% prevalence of sensorineural symptoms and a 31% prevalence of vascular symptoms among 169 workers with an average duration of exposure of 7-3 years. Behrens et al'4 found a prevalence of more than 45% for sensorineural symptoms and 19% for vascular symptoms among 58 workers with an average of 12 years of exposure to chipping hammers. Substantially lower prevalences were mentioned by Futatsuka et a126 for 240 shipyard grinders in Japan (5% white finger and 18% numbness) and by Starck et al"7 for 171 shipyard platers, welders, and grinders exposed part time to vibration (5% white finger). In the present study of 271 workers the prevalences were 84% for sensorineural symptoms and 71% for vascular symptoms among full time grinders with average exposure duration of 113 years. It is likely that the high prevalence of symptoms found in the current study was due to the extremely specialised nature of job tasks within job categories such that "full-time grinders" used large abrasive grinders with high acceleration levels more than 32 hours per week on average.
The Stockholm Workshop scales proved useful in assessing symptom severity in this survey. In the only other published epidemiological study using the Stockholm Workshop vascular disease scale, Nilsson et all' used it to stage a group of platers. The present study appears to be the first large epidemiological study of HAVS that has utilised both the vascular and sensorineural Stockholm Workshop scales as measures of health effect. Because no comparisons were made to quantitative tests, which presumably correspond more closely to abnormal pathophysiology than do symptoms alone, the present study cannot be considered a validation of the Stockholm Workshop scales. The strong exposure response relations found for both neurological and vascular symptoms, however, suggest that reported stage of disease may be related to progressive pathophysiological changes induced by vibration exposure. Additional study in which the Stockholm Workshop scale is compared with objective measurement of neurological and vascular function will permit more rigorous evaluation of the Stockholm Workshop scales as appropriate measures of disease.
There are several considerations involving potential bias in a cross sectional study. Firstly, because only 79% of the study participants returned questionnaires, it is possible that the prevalences of symptoms reported for the responders are biased estimates of the true prevalences among the entire population. Specifically, an overestimation of prevalence of symptoms would occur if diseased workers were more likely to complete and return the questionnaires than those who were free of disease. No information is available regarding the prevalence of disease among non-responders; therefore, the magnitude of this potential bias cannot be estimated. The prevalence of symptoms among the exposed workers, however, would remain greater than 50% even if all non-responders were disease free.
Twenty six responders (14 due to incomplete questionnaires and 12 due to potentially confounding medical conditions) were excluded from the data analysis. Excluding 
